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The presence of arsenie in foods hes becomes @ promi- 
nent and potential source of study for the chemist in recent 
years. Whether this arsenic is the natural occurring con- 
stituent of plants and animals or that which has accumlated 
due to various fruit sprays, by-products of manufacturers, 
and other artificial means makes no éifference in the impor~ 
tanee of the subject. 

Over @ contury ago when the presence of arsenic in pu- 
trid human bodies was first detected, chemists began their 
study to find whether or not arsenic is a normal constituent 
of animal organism. They have met with many difficulties 
in thelr endeavor to isolate and identify these compounds. 
Much progress has been made in the last few years on this 
work, and the chemist way in time enlighten the public to 
the real importance of arsenie in animal end plant metabol~ 
tem. 

4reenie in the inorganic compounds usually presente 
no particular difficulty in the quantitative determination 
of the amount present. This is aiso true in case of most of 
the organic arsenical compounds. There are, however, & 
few materials where difficulty is presented. ‘Some of the 
compounds of this type are those contained in shrimp, oils 
and tobacco. 


The resulte reported in this thesis were obtained in 
an investigation dealing with the separation and examination 
of the arsenic containing constituent of shrimp. 


It bas been known for many years that shrimp, lobster, 
oysters, fish and most types of marine life contain arsenic 
in varying amounts, but very little is mown of the manner 
in which the arsenic is combined in the tissue. Shrimp in 
partioular contains arsenie in surprisingly lerge quantities. 

the principal source of this arsenic is still open to 
investigation, but it is mown that arsenic is contained in 
marine algee anf in several edible varieties of the see- 
weede. Sea water also contains an appreciable quantity of 
arsenic. The arsenie appeara in organie combination in 
Plente end animals and is thought to play a vitel part in 
the activity of the celis. Arsenic expressed es arsenious 
oxide in the air dried seaweeds is reported as appearing in 
amounts varying from 6 to 125 parte por million. hie fol- 
lows closely the amounts reported present in the air dried 
flesh of certain species of marine life. 

Coulson, Remington and Lynch (5) have reported that the 
ersenie contained in shrimp during several seasons end from 
different localities varied from 1,27 mz. to 171.00 mg. per 
kg. of the air dried material. ‘hey have shown thet there 


ie definitely a seasonal variation in the arsenic content 
of shrimp. Their feeding experiments upon rete show that 
the arsenic as it is bound up in shrimp is comparatively non 
toxic, and dees not accumulate in the animal body. 

Investigations indicate that this organic arsenical 
compound which is found in shrimp is not a cacodylate or re~- 
lated compound, but may be and probably is a compound of 
& simple fat-lilke series. Some workers believe that the ar- 
senis is bound in @ rather complex molecule. Sadolin (10) 
im one of his reports expleins briefly the lecithin, nau- 
clein ani keratin theories. In the lecithin theory the ar- 
senie is assumed to be substituted for phosphorous in the 
molecule. In whatever combination the arsenic appears in 
shrimp it is present in a compound that is difficult te de-~ 
compose. 

Caesil (3) shows that the arsenie recovered after the 
ordinary sulfurle ecid-nitrie acid digestion is less than 
that recovered by using the same type of digestion followed 
by co-precipltation of phosphate and ersenate, which in 
turn is leas than that recovered upon treatment with per- 
chlorie eeid. The amounts recovered after perchloric acid 
treatment were slightly greater then those obtained efter 
ary ashing methods. This study shows that the perchloric 
acid treatment makes a very efficient method in converting 
the arsenie into the inorganie state. In this work the 


Gutseit method of analysis was used in determining the 
amounts of arsenic in each case. 

The fect that Chapman (4) found the ersenical constit- 
vent of lobster to be soluble in acetone whereas that in 
shrimp is not, and due to other variations reported in the 
properties of the arsenic derivatives, it is fairly well 
established that the arsenie compounds contained in the sev~- 
eral forms of marine life are not exactly the same, 


SOURCE AND COMPOSITION OF THE SHRIMP 


The material used in thie work wes ground dried shrimp 
which was furnished by the United States Bureau of Fisher- 
ies, ‘The shrimp were taken in deep water near the mouth of 
the Stono River on October 29, 1956. This river empties 
into the Atlentie Ocean along the eastern coast near 
Charleston, South Carolina, ‘The raw material consisted of 
around seventy-five pounds of peeled shrimp with their 
heads and livers removed. They were dried for about sixty 
hours in porcelain dishes over a steam table, and then for 
thirty-six hours in en electric oven at 80 to 90 degrees 
centigrade, then ground through @ burr mill. The size of 
the ground material ranged from a fine meal to particles 
measuring about one-eighth inch across. ‘The tissue was 
light tan to brown in color and had an unpleasant odor. 


Analysis of the raw material gave the following results: 


Lot 2 Let & 
Arsenio (a8 Asg03) 128.6 mg./ig. 151.25 mg./kg. 


Moisture 2.36 pereent 2.568 percent 
Nitrogen M2 0 OCU ee 
Aeh 7.00 ® 7.00 percent 


Qualitative analysis of the ash showed the presence of 
in the above teble were taken from the same allotment of 
shrimp tissue, but lot one contained @ greater amount of the 
of legs of the shell fish. 


EXPERIMENTAL 
Separation of the Arsenic Containing Constituent 


if the arsenic sonteining constituent of shrimp is a 
lecithin type of compound as suggested by Sagolin (10) then 
it would be insoluble in ecetene and . .eribiv other sol~ 
vents, but soluble in alechol. The most practical method 
for separating the ersenie containing constituent of shrimp 
therefore would be by the use of solvents. Uxtracticon 
methods of separating the arsenie bearing constituent were 
tried and found to be satisfactory. Extractions were mde 
(a) by digestion extraction, (b) by continuous flow of sol- 


vent type of extraction and (¢) by the intermittent or 
soxhlet type of extraction. 

of extracting the arsenle containing constituent was sugzest- 
ed in a confidential report by Coulson’. 

One hundred grams of the dry ground shrimp containing 
122.5 milligrens of arsenic (as ereenious oxide) per kilo- 
gram were pleced in e gless jer and covered with 600 es. of 
85 percent ethyl alechol. the jer wae placed in a water 
beth and the contents heated to bolling. ‘he alcohol was 
then allowed te cool and stand over the shrimp tissue. Af- 
ter standing for two daye the alcohol solution was filtered 
and the residue washed twice with 50 ec. portions of 95 
percent ethyl alechol. Anelysis of an aliquot of the con- 
bine@ filtrates showed that 58 percent of the arsenie had 
been recovered. 

This 424 not make @ satisfactory method of extraction 
ue to the fect that only a little more than one-half of 
the arsenie containing constituent was recovered. 

Extraction by Means of the Soxhlet Extractor. The ar- 
senic containing constituent of shrimp was found to be 
insoluble in acetone and diethyl ether. Therefore it was 
proposed to extract by means of a soxhlet type of extractor, 


TGoulson, B. Js Purther experiments the nature of the 


of shrimp. Confi- 


the dried material first with acetone and second with di- 
ethyl ether to remove substances soluble in these solvents, 
and then to extract the residue with solvents which would 
dissolve the arsenic containing constituent. A water bath 
(Plate 1) was used in heating the solvents. ‘This plan was 
used in the following procedure. 

A sample of shrimp tiseue was placed in a small soxh- 
iet extractor end extractions made as follows: 


Smo Stee 


oF naiicos on 
tate became colar- 
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Residue: with Extract: Contained a trace 
250 ec. of di ether of arsenic. 
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WATER BATH 
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Another sample of shrimp tiseve was extracted in the 
same extractor using identical amounte of materials with the 
following exception. In place of 8&5 percent ethyl alechol, 
260 ec. of absolute methyl elechol were used to extract the 
arsenie containing constituent. In thie case 95.5 pereent 
of the arsenig was recovered in the solvent and 3.4 percent 
was retained in the residue. Absolute methyl alechol was 
substituted for the 8&5 percent ethyl aleohol to esteblish a 
would keep it as free as possible from contest with water. 
It was next proposed to extract from the original shrimp 
alcohol to establish just how moh of the arsenie could be 
sent of the arsenig had deen recovered. As has been shown 
the soxhlet extractor makes @ very efficient extractor for 
securing the arsenic containing constituent. 

Sontinuous Flow Extraction. Although the soxhlet ex~- 
tractor male a very convenient and efficient piece of 
apperatus for obtaining the arsenic compound of shrimp, it 
was proposed to employ the continuous flow or solvent type 
of extractor (see Plate 2) for a part of this investigation. 
it was thought that if this type of extraction proved to be 
satisfactory, then an extractor that could be made in any 
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 trectar would be avatlable to other Investigators. 

The following procedure was carried out in this work. 
Eighty-five percent ethyl eleohel was used tn place of ab- 
solute methyl aleghol tn extraeting the aresenie containing 
constituent because Lt was found that more of the arsenic 
sould be precipitated from this solvent upon the addition of 
agetone. 

eosey are Eee 


nee pets 


clear. 
co. of Me pee ait Lo mes 


the inconvenience in manipulation and the greater effi-~- 
elency of the soxhlet extractor this method was abandoned on 
further extractions. 


Examination of the Arsenie Containing Constituent 


Asetome Precipitation of the Arsenite. <t was found 
that the addition of acetone to alechol extracts of the ar- 
of the arsenic from the solution. ‘The amount of the arsenic 
bearing compows! obtained depended upon the anount of ace- 
tone added and the concentration of the solution containing 
the arsenic. ‘The greatest percent of the arsenic could be 
recovered from the 85 percent ethyl eleohol extract. This 
method of separation of the arsenie bearing constituent was 
ueed In the following work. 

The Arsenite Containing Constituent Ie Non-Protein. A 
quentity of ebeolute alcohol extract from the original 
shrimp tissue was obteined so that the following study of 
the arsenie bearing constituent could be made. The soxhilet 
type of extrector was used in securing the waterial for this 
work, The barrel of the extractor had a capacity of about 
two liters and would handle conveniently a sample consisting 
of six to eight hundred grams of the a@ried shrimp tissue. 

An aliquot of the extract was evaporated to a brom 


viseous Liquid under a pressure of 90 to GO mm. of mercury 
and at a temperature of 30 to 40 degrees. An equal volums 
of acetone was added and the material allowed te stand for 
thirty minutes. A precipitate formed which was of & light 
and the presipitate soon bevams e brown syrup-like material. 
This syrup-like material was washed with four 15 ce. por- 
tions of aeetene, then dissolved in an equal volume of 
water, and the water solution extracted three tinss with 
equal volumes of diethyl ether. The ether soluble portion 
was separated and found to contein only a trace of arsenic. 
The water soluble portion was made up to 100 oc. with water 
and 75 oa. of the solution was acidified with hydrochloric 
seid. The acid solution was divided into four equal par- 
tions. fo two of these wore added equal volumes of a satu- 
rated solution of picrie seid. qual volumes of 5 pereent 
trichlor-acetic acid were added to the other two. Protein 
precipitates wore formed in beth cases. Analysis of the 
thas establishing that the arsenide bearing constituent is 
not @ protein, ‘the filtrates were plased together, evapo- 
rated to a small volume and analyzed for arsenic. Eighteen 
milligrams of arsenic as arsenious oxide were recovered. 
This enelysis was made to show that the arsenie was still in 
solution. 
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The remaining 26 ec, of the water soluble portion was 
divided and equal volumes of 3 sodium chloride solution add- 
e4 to each. The solutions were then acidified with acetic 
aeia (to phenolphthalein) anf heated to bolling. Protein 
precipitates were formed which did not contain arsenic. 
stituent is not a protein. 

Hydvolysie of the Arsenic Bearing Constituent. Ali- 
quote of absolute methyl alechol extract of the original 
shrimp tissue were evaporated to near dryness over a water 
bath. The residue obtained was hy@rolysed with en alecholic 
solution of sodium hydroxide (100 ee. 95 percent alechol 
and 20 ce. of 40 percent sodium hydroxide) by refluxing over 
@ water bath for about four hours. After four hours of re- 
fluxing the solution was evaporated te @ small volume to 
‘Remove most of the alechol. ‘This left a sclid mss when the 
solution had cooled. The solid material was heated with 12 
volumes of water acidified with hydrochlerie acid, until a 
brow, olly layer of fatty acids seperated. ‘The water layer 
was separated and the olly layer washed twice with water, 
the washings being added to the water solution. ‘The arsenic 
was removed from the water solution by co-precipitation of 
magnesium ammonium phosphate and arsenate (6). Quantitetive 
analysis of the arsenic obtained showed that from 75 to 98 


percent of the arsenie sould bé recovered in this manner. 
Hyirolysie was tried by the same procedure using 40 percent 
aqueous sodiun hydroxide in place of the alecholie solution. 
Analysis of the arsenic showed that most of the arsenic had 
been recovered in the inorganic state. 

This atudy indicates that the arsenie containing con- 
stituent in shrimp is difficultly decomposed by hydrolysis. 

Concentration and Properties of the Arsenie Conteining 
Constituent. An aliquot of 8&6 percent ethyl alechol ex- 
trast of shrimp tissue (tiseue thet hed been extracted first 
with acetone ani second with diethyl ether) was allowed to 
sten@ with one and one-tenth volumes of absolute methyl al- 
cohol for thirty minutes. ‘the mixture was then centrifuged 
to remove a white, fleke~like precipitate that had formed. 
The precipitate was discarded. Analysis of an aliquot of 
the methyl alcohol-ethyl elechol solution showed that it 
contained approximately 100 percent of the arsenic. fo this 
alechol solution were edded two volumes of acetone and the 
mixture allowed to stand thirty minutes. A light ten, 
by centrifuging the solution. Analysis showed that the pre- 
elpitete contained 11.12 percent of the arsenic. 

Twenty volumes of absolute ethyl alcohol were added to 


18 
in @ water beth (just brought to boiling) with stirring for 
one minute and the solution deeanted. ‘The decanted ethyl 
aleohol solution was evaporated over e water bath until a 
remainder of the alcohol wea removed in e vacuum desiccator 
over caleiuc chloride. ‘The precipitate obtained was a 
white mass recenbling beef tallow in appearance. This white 
material rapidly became « brow, syrup-like mass when ex- 
posea to the air. ‘The brown mass was dissolved in absolute 
ethyl alcohol an@d represipitated with two volumes of ace~- 
tone. The preeipitate came dom es a white, moal~like mate- 
wiel end was seperated by centrifuging the solution. ‘This 
preoipitate was aissolved in the least amount of absolute 
ethyl alcohol ané placed tn the vacum desiccator. As the 
a@leohol evaporated the same white, flske-like material be- 
gan to settle out and when dry the precipitate resembled 
beef tallow in appearance. When a drop of water was added 
to this material it immediately became a brom, celatinous 
mass. The white mterial was found te contein 9.35 percent 
areenie, and gave teste for nitrogen and traces of phos~ 
phorvous. The nitrogen wes evolved es emmonia from this 
white material when warmed with sodium hyiroxide. This in- 
eould be a fat-like compound, possibly a kephalin. 


Sines the material readily took up water and moisture 
from the alr it was decided to try and obtain the arsenite 
containing constituent by use of absolute methyl and ethyl 
alechols. whe following procedure was carried out in this 
staay. 

Six hundred twenty-five grams of the dried shrimp tis- 
sue were extracted in a lerge soxhlet extractor with 2260 
ee. of absolute methyl alechol. The extraction was allowed 
to proceed for five hours after the solution that stead over 
the tineue hed cleared. Analysis of en eliquot of the ex- 
treet showed that 96.4 percent of the areente het beea 
recovered . 
the absolute methyl eloohol extract in the following manner: 
stand fifteen minutes. A white, flale~-like precipitate uas 
formed ani was separated by filtration. ‘the second portion 
of alechol ues sGded and allowed to stané for fifteen min- 
made end the mixture allowed to stend for 36 hours. the 
of absolute ethyl alechol. The precipitate was a white, 
fatty materiel which adhered to the flask. 
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The methyl alechol-ethyl alcohol sclution of the ar- 
senic containing constituent was filtered end evaporated to 
approximately one-sixth volum at a pressure of 50 to 60 m. 
of mercury end at a temperature ranging from 30 to 40 de~ 
grees. More of the white, fatty precipitate was formed as 
tered and found to contein 60.25 percent of the arsenic. 
Two volumes of acetone were added to this condensed solu- 
tion, allowed to stené fifteen minutes and centrifuged. 
fhe precipitate consisted of a mixture of white, meal-like 
material and a brom, teffy-lilke substence. The precipi- 
tate contained about 9 percent of the arsenic. 

Qwenty volumes of absolute ethyl alcohol were added to 
the precipitate just obtained. ‘The mixture was placed in « 
water bath just brought to belling and stirred for two min- 
utes and the ethyl alcohol solution decanted. ‘The ethyl 
aleohol solution tims obtained was found to contain 6.2 per- 
cent of the arsenic. The alcohol was removed by evaporation 
over @ water bath to a small volume and the lest traces of 
alcohol removed in a vacuum desiccator. The dried material 
was @ light tem, fat~-like substance. This material was 
taken up in a emall amount of absolute ethyl alcohol, placed 
in @ vacuum desiccator end evaporated to dryness. As the 
solution evaporated e white, flake-like precipitate began to 


form. When dry the substance was white and resembled beef 
tallow in appesrance. 

The white material thus obtained was analyzed end 
found to contain 9.1 percent arsenic. Qualitative analysis 
proved the presence of nitrogen ané phosphorous. ‘The ni- 
trogen wes evolved from the material in the form of ammonia 
argenical compound could be a kephalin if it belongs to 
this series of compoundg with ersenis replacing phosphorous 
in the molecule. 

The ersenie containing conatituent obtained by this 
method seemed to have the same physical and chemical prop- 
erties as those obtained in the preseding etudy. The 
gubstanse would change to a brown, gum-like materiel when 
exposed to the air or when @ emall amount of water was add- 
ea. When the brow, cumlike material was taken up in 
absolute ethyl alechol and reprecipitated with acetone a 
white, mal-like substance was obtained. ‘the addition of 
absolute ethyl alechol to either the white, meal~like sub- 
stance or the brown, gua~like material, and the subsequent 
drying in @ vacuum desiccator over calcium chloride pro-~- 


The method of analysis used for the quantitative deter- 
mination of arsenic in samples used in this report was 
taken from “Methods of Analysis" (1, p. 375). The use of 
ameniua oxalate-urea solution for the elimination of oz- 
ifes of nitrogen was found te be unnecessary in the 
preparation of the sample. 

Rigintegration of the Arsenite Containing Material. ‘the 
material to be analysed is placed in an 800 cc. kjeldahl 
flesk and then ea uixture of 15 ec. concentrated nitric acid 
and 20 ce. concentrated sulphuric acid are added cautiously. 
if the sample is dry, it te necessary to wet the material 
with 20 to 15 ec. of water. ‘twenty ee. ie al) the sulphuric 
ecié that is used during the entire process of digestion 
an@ is also the exount used in the blank, Jt is necessary 
to make the addition of the mixture of acids slowly and cau- 
tiously to prevent "foaming over of the sample. After the 
ig heated gently until it turns a dark brow in cole. Pit- 
teen oc. of nitric acid ere now edded and the solution again 
heated until it becomes « dark brown in color. Bitrie acid 
ie added in 15 cc. portions in like manner until the solu- 
tion becomes clear and remains clear upon heating to dense, 


white fumes of sulphur trioxide. If the solution should 
have a pale yellow cast after beating te dense fumes of sul~ 
pur trioxide it is usually umesessary to repeet the addi~ 
tion of nitric ecid. The solution is then cooled to room 
temperature ani 9 oc. of perchloric acid 70 persent or 10 
ec. GO percent are added. The solution is then heated 
gently (se that it just will boll) for 50 to 40 minutes, 
ené then heated over a strong hot flame for 8 to 15 minutes. 
If the solution is not clear after the perchloric acid 
treatment 15 ec. of concentrated nitrie acid are added and 
the solution heated to dense, white fumes of sulphur tri- 
oxide. The perchloric acid treatment is then repeated and 
the sample is ready for isolation ani determination of the 
arsenic. 

Separation and Determination of the Arsenic. The ar~ 
seniec ig found in the reaction mixture which Is prepared 
in this way as mete-arsenic acid. It is liberated from the 
mixture as arsenious chloride and is carried over by dis- 
tiliation with hxivegen chloride ges. The reaction mixture 
is treated with hyirazine sulfate to reauce the arsenic to 
the trivalent state, and with sodium chieriée to react with 
sulphuric acié and give the hyiirogen chloride gas. The 
principal reactions talking place in recovering the arsenic 
are represented as follows: 


@ WaCl+ Hg80.——-@ HCL + MagS0, 

Nglig*HpS0_+ 2 HAs0s+6 HOL——-@ AsGlg+ Bg +6 Hg0-+HgS0, 
The amount of arsenious chloride ie determined by ti- 

trating the distillate with @ standard potassium bromate 

solution. Methyl orange is used as the indicator, and its 

coler is Gestroyed by the potassium bromte at the end 

point. ‘The reaction taking place in this titration is shou 

by the following equation: 

KBP, +3 AsClg+6 H20——-S HAs0g+ 9 HO1+ KBr 


DISCUSSION 


fhe areenic as it is found in shrimp is not present in 
the tnorganie stete, but is bound up in som complex organic 
molecule. ‘The results obtained in this work point to the 
fact that the arsenio of shrimp is present in some non- 
protein compound that is not broken down completely by the 
action of hot mixtures of concentrated sulphuris and nitric 
acids. : 

Compounas in whieh arsenic is joined direstiy to carbon 
are difficult to decompose by ordinary methods of oxida- 
tion. The eacodylates belong to this class of compounds. 
The arsenic of shrimp cannot be bound up in « compound of 
this class because the cacodylates are soluble in chlorofom, 


whereas the natural cocurring arsenic compound of shrimp 
is not. 

Purther facts pointing to the complexity of the arsen- 
ie containing molecule in shrimp were evidenced when it 
was found thet the arsenic could be hydrolyzed into the in- 
tions of sodium hydroxide. The arsenic bearing constituent 
es it was obteined gave qualitative teste for nitrogen and 
phosghorous. ‘The nitrogen was evolved as ammonia when the 
arsenic containing constituent was warmed with alkali. if 
then the arsenic compound could be e@ kephalin. Frou the 
results obtained in this work it is thought that the arsen- 
fe in shrimp is a fat-like compound and ie possibly a 
lecithin or a kephalin. 

A lecithin-lile compound in which arsenic replaces 


would contain 9.45 percent arsenie. This approaches the 
amount actually found in the arsenic containing material 
isolated. 

The kephalin type of compound in which phosphorous ie 
replaced by arsenic represented by the formla 
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contains 9.48 percent arsenic. ‘This ie approximately the 
same percentage composition of arsenic as thet of the arsen~ 
ie constituent isolated from shrimp. 


The arsenic compound in shrimp ie soluble in, and can 
be extracted by absolute methyl alcohol, absolute ethyl 
aleohol and water solutions of beth ethyl and methyl aleo- 
hols. 

Acetone was fount to extract noticeable traces of the 
arsenic containing constituent in shrimp. Diethyl ether 


extrection of the shrimp gave no evidence showing that any 
of the arsenic compound hed been extracted. 

The arsenic as it cecurs in shrimp ie present in a more 
or less complex organle molecule which sannot be completely 
Gecomposed by the action of het concentrated sulphuric ané 
nitrie acide, but is hydrolysed by aqueous and alecholic 
solutions of sodium hydroxide. 

The arsenic containing constituent is precipitated from 
solutions in certain organie solvents upon the addition of 
acetone . 
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